A Heat Pump Using CO2 as Refrigerant(R744)

Background:

In the early days of refrigeration the two refrigerants in common use were
ammonia and carbon dioxide. Both were problematic - ammonia is toxic and
carbon dioxide requires extremely high pressures (from around 30 to 200
atmospheres!) to operate in a refrigeration cycle, and since it operates on a
transcritical cycle the compressor outlet temperature is extremely high (around
160°C). When Freon 12 (dichloro-diflouro-methane) was discovered it totally
took over as the refrigerant of choice. It is an extremely stable, nontoxic fluid,
which does not interact with the compressor lubricant, and operates at
pressures always somewhat higher than atmospheric, so that if any leakage
occurred, air would not leak into the system, thus one could recharge without
having to apply vacuum.

Unfortunately when the refrigerant does ultimately leak and make its way up to
the ozone layer the ultraviolet radiation breaks up the molecule releasing the
highly active chlorine radicals, which help to deplete the ozone layer. Freon 12
has since been banned from usage on a global scale, and has been essentially
replaced by chlorine free R134a (tetraflouro-ethane) - not as stable as Freon 12,
however it does not have ozone depletion characteristics.

Recently, however, the international scientific consensus is that Global Warming
is caused by human energy related activity, and various man made substances
are defined on the basis of a Global Warming Potential (GWP) with reference to
carbon dioxide (GWP = 1). R134a has been found to have a GWP of 1300 and in
Europe, within a few years, automobile air conditioning systems will be barred
from using R134a as a refrigerant.

The new hot topic is a return to carbon dioxide as a refrigerant. The previous
two major problems of high pressure and high compressor temperature are
found in fact to be advantageous. The very high cycle pressure results in a high
fluid density throughout the cycle, allowing miniaturization of the systems for
the same heat pumping power requirements. Furthermore the high outlet
temperature will allow instant defrosting of automobile windshields (we don't
have to wait until the car engine warms up) and can be used for combined space
heating and hot water heating in home usage.

Description of flowsheet:




The CO2 refrigerant enters an adiabatic compressor at 30 degree Celsius at
3.5MPa and 50kmol/h. It is compressed to 13MPa which results in a
temperature of 162 degree Celsius. This compressed refrigerant is used for
heating water at 1000kg/h from 25 degree Celsius to 70 degree Celsius. The
refrigerant at 70 degrees is further used for space heating and hence cooled to
45 degree celsius. This used refrigerant is further recycled to preheat the initial
refrigerant that enters the compressor in a heat exchanger. Now the recycled
refrigerant is throttled adiabatically to 3.5MPa and then vaporised by heating by
a heater. The energy output from the throttling can be recycled to the heater to
vaporise the refrigerant. Now the regenerated and recycled refrigerant is
obtained which is preheated and sent to the compressor as explained.

Results:

1) Power required to compress the refrigerant is 73.26kW.

2) Power required for space heating is 13.33kW.

3) Water is heated from 25 degree Celsius to 70 degree Celsius.

4) 127kW energy released by the throttling is recycled to the vaporiser.
5)

Conclusions:

1) CO2 can effectively be used as a refrigerant for multipurpose.
2) It can easily be recycled as well and regenerated to feed conditions.
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